Objectives: Evidence suggests that, despite routine engagement with the health system, pregnant women commonly seek emergency care. The objectives of this study were to examine the association between maternal comorbidities and emergency department (ED) use among a national sample of commercially insured pregnant women.
Results: Twenty percent (n = 31,413) of pregnant women had one or more ED visit (mean AE SD = 1.52 AE 1.15).
Among those who used the ED, 29% had two or more visits, and 11% had three or more visits. Emergency care seekers were significantly more likely to have one or more comorbid condition compared to those with no emergency care: 30% versus 21%, respectively (p < 0.001). Pregnant women with asthma had 2.5 times the likelihood of having had any ED visit (adjusted odds ratio [AOR] = 2.46, 95% confidence interval [CI] = 2.32-2.62). There was a significant increase in the probability (approximately 50%) of ED use among pregnant women with diabetes (AOR = 1.47, 95% CI = 1.33-1.63) or hypertension (AOR = 1.49, 95% CI = 1.43-1.55) or who were obese (AOR = 1.55, 95% CI = 1.47-1.64). Increased odds associated with gestational diabetes were more modest, resulting in a 13% increased odds of using the ED (AOR = 1.13, 95% CI = 1.07-1.18). Less than 0.6% of pregnant women (n = 177) received emergency care that resulted in a hospital admission. The admission rate was 0.4% (189 admissions/47,608 ED visits).
Conclusions: Among pregnant women, comorbidity burden was associated with more ED utilization. Efforts to reduce acute unscheduled care and improve care coordination during pregnancy should target interventions to patient comorbidity. P regnancy represents a period during which women often are routinely engaged with the health care system. Routine obstetric care includes monthly visits until the third trimester when visits become even more frequent (i.e., biweekly, weekly). Nonetheless, evidence suggests that a substantial proportion of pregnant women seek emergency care. Among young, low-income pregnant women who received care at a university-affiliated clinic, 49% visited the emergency department (ED) at least once during their pregnancy, with 23% having visited two or more times. 1 Another study of ED utilization among nearly 7,000 new mothers enrolled in a Medicaid manage care program in Connecticut found 32% had emergency care during the 6 months prior to delivery. 2 Understanding the characteristics of women who are more likely to use the ED during pregnancy would help to inform strategies to better address their needs in outpatient obstetrics and primary care clinics.
Chronic health conditions affect more than onequarter (27%) of all pregnant women in the United States, 3 and several studies have documented increased postpartum ED use among women with preexisting (e.g., asthma, hypertension, diabetes) and/or pregnancy-related (e.g., preeclampsia, gestational diabetes) comorbidities. [4] [5] [6] To date, no studies have examined the extent to which these conditions may influence emergency care-seeking behaviors during pregnancy. Moreover, most research on health care resource utilization by pregnant women has focused almost exclusively on Medicaid beneficiaries. As a result, we know relatively little about women who are commercially insured, who comprise approximately one-half of pregnancies in the United States 7 and for whom coverage rates are increasing. 8 Most studies find that more than one-quarter of ED visits among the general population are not clinical emergencies. 9, 10 In some cases, policymakers have targeted such visits as a potential source of medical care cost savings. 9, 11 However, little is known about the outcomes (discharge versus admission) associated with ED visits among pregnant women. Such information is necessary to determine whether similar efforts to address rising costs associated with maternity care would be misguided.
We used medical claims data maintained by the Health Care Cost Institute to examine the association between maternal comorbidities and ED use among a national sample of commercially insured pregnant women. We hypothesized that women who were obese or had diabetes, gestational diabetes, hypertension, or asthma would be more likely to have had an ED visit during pregnancy than those without comorbid health conditions.
METHODS

Study Design
We conducted a retrospective cohort study using a multipayer medical claims database maintained by the Health Care Cost Institute. The database included deidentified inpatient, outpatient, and professional claims for health care services of pregnant beneficiaries covered by employer-sponsored insurance from January 2010 through December 2011. This data set met the Health Insurance Portability and Accountability Act's definition of a limited data set. As a result, this study was granted an exemption from review by the Yale School of Medicine Institutional Review Board.
Sample
We restricted analyses to women, ages 18 through 44, with a live singleton birth in 2011 that occurred in a hospital setting. These women were continuously covered by employer-sponsored insurance for 10 months prior to childbirth and for at least 6 weeks after delivery, had a diagnosis-related group (DRG) code indicating a vaginal (774 or 775) or cesarean delivery (765 or 766), did not have a DRG code for fetal demise (656.4, 656.40, 656.41, 656.43) or multiple gestation (651.XX, V27.2, V27.3, V27.4, V27.5, V27.6, V27.7), and did not change residential zip code during pregnancy and 6 weeks postbirth.
Measures
Outcomes. The primary outcome was one or more ED visits during the prenatal period. We identified emergency care visits using revenue codes (0450, 0451, 0452, 0456, 0459, 0981). The prenatal observation period was defined as date of admission for childbirth minus 300 days, based on a typical gestation period and first diagnosis of pregnancy.
Maternal Comorbidities. Consistent with validated methods from prior research using medical claims, [12] [13] [14] [15] [16] [17] we examined the following common maternal comorbidities, identified using International Classification of Diseases, Ninth Revision (ICD-9), procedure codes pulled from claims filed for health care services that occurred throughout the perinatal period: hypertension, including preeclampsia and eclampsia (401-405, 642), diabetes (250, 250.X0-250.X3), gestational diabetes (648.0, 648.8), obesity (649.1, 649.2, 278, V85.3, V85.4), and asthma (493). These diagnoses were not mutually exclusive. Therefore, we also determined the proportion of women with one or more comorbidities versus none of the comorbidities assessed.
Covariates. Patient characteristics tested for model inclusion were chosen based on previous research on predictors of ED use in the general population 10, 18, 19 and among postpartum women. 4 Sociodemographic variables included age (categorized as 18-24, 25-34, and 35-44 years old) and geographic region based on state of residence (categorized into nine census regions). Finally, it is well documented that living in rural, versus urban, areas is associated with increased ED service use. 20 Multilevel approaches enable us to control for zip code as a proxy for access to care, which may be influenced by rural/urban status and other potential neighborhood-level factors.
Data Analysis
Descriptive statistics were used to characterize the study population and ED use during pregnancy. We conducted bivariate analyses to determine the association between comorbid conditions and ED use. We performed a series of two-level logistic regression models to estimate the independent effects of Level 1 characteristics including patients' age, geographic region, and comorbidities on ED use, while accounting for variation in use by residential zip code (Level 2 clusters). We assessed model performance using: 1) Akaike information criterion (AIC), to select the best covariance structure, such that the model with the lowest AIC were deemed the best fit; and 2) chisquare differences tests of the -2 log likelihood, with degrees of freedom equal to the difference in the number of estimated parameters to identify the most parsimonious model that was not statistically different from the full model. Prior to conducting regression analyses, we assessed the degree of ill-conditioning in the variance matrix due to collinearity of the weighted predictors. No signs of multicollinearity were detected. For all analyses, the overall type I error was set to 0.05. The intraclass correlation at the zip code level was 0.09; therefore, 9% of the variance is attributable to zip code of residence, and the remaining 91% is at the maternal level. We conducted analyses using STATA, version 13.0.
RESULTS
ED Utilization
The final study sample included 157,786 pregnant women. Twenty percent (n = 31,413) sought emergency care at least once during pregnancy, with a total of 47,608 emergency care visits. The mean (AESD) number of ED visits, among pregnant women who received emergency care was 1.52 (AE1.15). Among pregnant women who used the ED, 29% (n = 9,170) had two or more visits, and 11% (n = 3,491) had three or more visits. Fewer than 0.6% of pregnant women (n = 177) received emergency care that resulted in a hospital admission. The admission rate was 0.4% (189 admissions/47,608 ED visits). Table 1 shows characteristics of the sample stratified by ED use during pregnancy. Women who sought emergency care at least once during pregnancy were more likely to have a medically complicated pregnancy (i.e., be obese or have asthma, diabetes, hypertension, or gestational diabetes) compared to those who did not seek emergency care. Thirty percent of women who sought emergency care during pregnancy had one or more comorbidities compared to 21% of women who did not seek emergency care. ED use during pregnancy varied by age and by region, with women who are younger and those living in the South Atlantic being the most likely, and those living in New England being the least likely, to have sought emergency care. These differences were all significant at a p value of less than 0.001. Table 2 shows the parameter estimates from the multilevel models of the association between patient covariates and odds of any ED use during pregnancy. Controlling for age and region, all of the maternal medical comorbidities assessed were positively associated with increased odds of seeking any emergency care during pregnancy (all p > 0.001). Women with asthma were two and a half times more likely to use the ED during pregnancy (adjusted odds ratio [AOR] = 2.46, 95% confidence interval [CI] = 2.32-2.62). There was a significant increase in the probability (approximately 50%) of ED use among pregnant women with diabetes (AOR = 1.47, 95% CI = 1.33-1.63) or hypertension (AOR = 1.49, 95% CI = 1.43-1.55) or who were obese (AOR = 1.55, 95% CI = 1.47-1.64). In contrast, the increased odds among women with gestational diabetes seeking emergency care was more modest (AOR = 1.13, 95% CI = 1.07-1.18). Table 3 lists the 25 most common diagnoses associated with ED visits. Examination of diagnosis codes demonstrates the nonspecific nature of diagnosis codes, many of which may indicate emergency conditions among pregnant women. For example, "Unspecified symptom associated with female genital organs" could indicate vaginal or uterine bleeding or pain or "Decreased fetal movements affecting management of mother antepartum condition or complication" may indicate fetal distress or demise.
Comorbid Conditions and ED Use
DISCUSSION
In this population of women with commercial health insurance, one in five received emergency care during pregnancy. Pregnant women with comorbid conditions were significantly more likely than those without comorbid conditions to seek emergency care. Consistent with other studies of emergency care-seeking trends in the general population, asthma was a particularly important driver of emergency care use in pregnancy. 21, 22 Efforts to improve prevention and management of comorbid conditions through primary and preventive care services may help to avoid a portion of ED visits during pregnancy. Previous studies have demonstrated that frequent users of the ED tend to also frequently utilize other health services and have significant comorbidities, such as chronic mental and physical illnesses. 1, 23 Case management initiated through the ED has been advocated to reduce visits. 24, 25 Recent data have demonstrated that integration of comprehensive obstetric services with mental health, pediatrics, and other services in a medical home model can significantly reduce ED visits. 26 Further studies are necessary to demonstrate the effectiveness of alternative models of care.
In a nationwide survey of more than 50,000 adults, 77% reported seriousness of the medical problem was the reason for their most recent emergency room visit. 20 Although no empirical studies have compared perceived severity between nonurgent to urgent patients, a systematic review of the literature on ED use for nonurgent conditions similarly revealed that a large majority (>80%) of these patients perceive that the problems for which they seek care require immediate medical attention. 10 Particular subgroups of pregnant women may be particularly prone to this such as those who have experienced previous miscarriages or have high levels of prenatal anxiety or stress. 27, 28 Obesity was associated with an increased risk of ED visits. Given that nearly two-thirds of reproductive-age women are overweight or obese, 29 a significant cost benefit may be attainable if effective interventions to reduce visits in certain subgroups are initiated. It is also possible that pregnant women with preexisting health conditions may have a lower threshold for seeking emergency care in fear of harming the fetus than they would when not pregnant. Future research should examine the extent to which rates of ED use among women with comorbidities may or may not increase during the perinatal period.
High rates of ED use among pregnant women may also be driven, in part, by health care practitioners. Many ED users with a primary care physician call or are referred to the ED by their doctor, particularly when the primary facility is closed. 30 The physiologic changes in pregnancy, such as increases in maternal heart and respiratory rates, are often difficult to distinguish from pathologic change without a physical examination. Evaluation of abdominal pain is more difficult to triage in pregnancy because symptoms of reflux, bloating, and constipation are common and concerns of distinguishing these from preterm contractions as well as concerns for fetal well-being arise. Thus, it would be imprudent to discourage emergency care use in such situations.
STRENGTHS AND LIMITATIONS
This is the first nationwide study of pregnant women's use of ED services and its predictors. Strengths of this study include its focus on commercially insured women and large sample size. Although essential to understanding what is driving service utilization and costs among pregnant women and to identify ways to improve maternal and child health, research using commercial health insurance claims data has been limited. The multipayer database that we used for this study, maintained by the Health Care Cost Institute, includes 20% of all privately insured pregnancies annually in the United States.
Although this study had many strengths, we acknowledge several limitations. Medical claims data do not include race, ethnic, or income information. However, our use of multilevel models to account for variation in ED use by residential zip code may also control for these factors to the extent that they are associated with access to care. All patients in this study were covered by employer-sponsored insurance. Medicaid patients and those who obtained commercial insurance through the Affordable Care Act may have different risk profiles for ED use. Due to the retrospective nature of this study, there are likely to be unmeasured confounders for which we did not account. Research using claims data also is susceptible to overcoding and undercoding of diagnoses. We used previously validated definitions of maternal health conditions, most of which have been demonstrated to have high sensitivity. Although frequently undercoded, we opted to include obesity because it has a high positive predictive value. 31 The Health Care Cost Institute data are limited to a maximum of three ICD-9 diagnosis codes per claim and therefore do not necessarily reflect any or all of a patient's preexisting comorbidities. Although codes reveal clinical information, prevalence of codes and order will vary by health care facility and practitioner, often for financial reasons. As such, the prevalence of conditions we studied are likely to be conservative estimates and diagnosis codes with a greater likelihood of reimbursement may be overrepresented. By relying solely on facility-level claims to identify ED visits, we may also have underestimated utilization. Nonetheless, the large number of visits and proportion of women who received emergency care during pregnancy that we were able to identify is clinically significant.
Data were not available to determine the gestational age of the pregnancies when ED visits occurred or the acuity of conditions at presentation. Billing records for bundled payments also do not allow for independent examination of adequacy or timing of prenatal care. At least one previous study has shown that pregnant women with inadequate or excessive prenatal care seek unscheduled care (including ED visits) more so than do women with adequate care. 1 Future research on the extent to which adequacy of prenatal care or early use may be protective is warranted. Preconception and postpartum data were not available to be able to examine temporal variations in predictors of ED use. Such studies should include a comparison group of nonpregnant women of childbearing age as well.
CONCLUSIONS
Our results indicate that insurance coverage alone may not be sufficient to meet obstetric needs during pregnancy, particularly for women with comorbid conditions. Eliminating ED visits for pregnant women is neither feasible nor desirable as efforts to deter ED use could produce unintended consequences. However, future efforts to reduce acute unscheduled care when appropriate and improve care coordination during pregnancy should target interventions to patient comorbidity.
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